Abstract: In and Ga doped ZnO (IGZO, 100-nm thick) thin films were deposited by radio frequency magnetron sputtering without intentional substrate heating on a bare glass substrate and a TiO2-deposited glass substrate to determine the effect of the thickness of a thin TiO2 buffer layer on the structural, optical, and electrical properties of the films. The thicknesses of the TiO2 buffer layers were 5, 10 and 15 nm, respectively. As-deposited IGZO films with a 10 nm-thick TiO2 buffer layer had an average optical transmittance of 85.0% with lower resistivity (1.83×10 -2 Ω cm) than that of IGZO single layer films. The figure of merit (FOM) reached a maximum of 1.44×10 -4 Ω -1 for IGZO/10 nm-thick TiO2 bi-layered films, which is higher than the FOM of 6.85×10
INTRODUCTION
There is considerable interest in using metal-doped ZnO films such as AZO [1] , GZO [2] , and IGZO [3] because the films can be deposited onto large area substrates as a uniform amorphous phase while retaining high carrier mobility [4] . However, it is has also been reported that a relatively high substrate temperature or post-deposition annealing is required to obtain IGZO films with simultaneous optimal transparency and low resistivity [5] .
One way to improve the optical and electrical properties of IGZO films without substrate heating is to use IGZO/metal/IGZO (OMO) structures [6] , which have lower resistivity than IGZO single layer films. Another strategy that has been used to improve the electrical properties of IGZO films has been to insert an oxide buffer layer under the IGZO film [3] . In this study, IGZO thin films were deposited by radio frequency (RF) magnetron sputtering on glass substrate with and without a TiO2 buffer layer, and then the effects of the TiO2 buffer layer thickness on the optical and electrical properties of the IGZO films were investigated using X-ray diffraction (XRD), atomic force microscopy (AFM), Hall effect measurements, UV-visible spectrophotometry, and UV photoelectron spectroscopy (UPS). water, and blown dry in nitrogen gas before they were set on the substrate holder in the chamber. The distance between the target and substrate was kept at 60 mm. Prior to deposition, the sputter chamber was evacuated to 6.0×10 -7 Torr and then 10 sccm Argon (Ar) gas was injected to achieve an optimized working pressure of 1.0×10 -3 Torr. than the other films prepared in this study. In a previous study, we reported similar results; a TiO2 buffer layer resulted in the decreased RMS roughness of the upper GZO film in the context of GZO/TiO2 bi-layered films [9] . Table 2 Table 4 . The IGZO/10 nm-thick TiO2 films had a higher work function (4.61 eV) than the other films. Thus, the addition of a TiO2 buffer layer is a useful strategy to increase the work function of IGZO films.
EXPERIMENTAL PROCEDURES

RESULTS AND DISCUSSION
CONCLUSIONS
Both IGZO single layer and IGZO/TiO2 bi-layered films were deposited by RF magnetron sputtering on glass substrates without intentional substrate heating.
From AFM observations, it was apparent that the TiO2 buffer layer enhanced the flatness of the IGZO/TiO2 films, and the figure of merit of the IGZO/TiO2 films reached a maximum value of 1.18×10 -4 Ω -1 , which was higher than that of the IGZO films. In addition, IGZO/10 nm-thick TiO2 films had a higher work function than IGZO single layer films.
The observed results indicated that the structural, optical, and electrical properties of the IGZO films were dependent on the TiO2 buffer layer. The 10 nm-thick TiO2 buffer layer in IGZO/TiO2 films yielded films with better opto-electrical performance than IGZO single layer films.
